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STORAGE STABLE FROZEN LACTIC ACID BACTERIA CULTURE 
FIELD OF THE INVENTION: 

The present invention relates to a storage stable frozen lactic acid bacteria (LAB) culture 
5 that comprises LAB that are that are able to utilize sucrose, has a weight of at least 50 g fro- 
zen material and a content of viable bacteria of at least 10 9 colony forming units (CFU) per 
g frozen material. 

BACKGROUND OF THE INVENTION: 

10 Microorganisms are involved in the manufacture of food and feed products including most 
dairy products. Thus, bacterial cultures, in particular cultures of bacteria that are generally 
classified as lactic acid bacteria are essential in the making of all fermented milk products, 
cheese and butter. Cultures of such bacteria may be referred to as starter cultures and they 
impart specific features to various dairy products by performing a number of functions. 

15 

Commercial dairy starter cultures are generally composed of lactic acid and citric acid fer- 
menting lactic acid bacteria. In the present context, the expression "lactic acid bacteria" des- 
ignates a group of Gram positive, catalase negative, non-motile, microaerophilic or anaero- 
bic bacteria which ferment sugar with the production of acids including lactic acid as the 
20 predominantly produced acid, acetic acid, formic acid and propionic acid. The industrially 
most useful lactic acid bacteria are found among Lactococcus species, Streptococcus spe- 
cies, Enterococcus species, Lactobacillus species, Leuconostoc species and Pediococcus 
species. 

25 Commonly used dairy starter culture strains of lactic acid bacteria are generally divided into 
mesophilic organisms having optimum growth temperatures at about 30°C and thermophiHc 
organisms having optimum growth temperatures in the range of about 40 to about 45°C. 
Typical organisms belonging to the mesophilic group include Lactococcus lactis subsp. lac- 
tis, Lactococcus lactis subsp. cremoris, Leuconostoc mesenteroides subsp. cremoris, Pedio- 

30 coccus pentosaceus, Lactococcus lactis subsp. lactis biovar. diacetylactis and Lactobacillus 
casei subsp. casei. Thermophilic lactic acid bacterial species include as examples Strepto- 
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coccus thermophilus, Enterococcus faecium, Lactobacillus lactis, Lactobacillus helveticus, 
Lactobacillus delbrueckii subsp. bulgaricus and. Lactobacillus acidophilus. 

The dairy starter cultures are also classified according to their specific species composition 
5 and preferred industrial use. A pure starter culture comprises only a single specie and a 
mixed culture comprises two or more different species. Commercial relevant mesophilic 
mixed cultures include: 

"O-culture" comprising Lactococcus lactis subsp. lactis and Lactococcus lactis 
subsp. cremoris. 

10 "D-culture" comprising Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. 

cremoris and Lactococcus lactis subsp. lactis biovar. diacetylactis. 
"L-culture" comprising Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. 
cremoris and Leuconostoc mesenteroides subsp. cremoris. 

"LD-culture" comprising Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. 
15 cremoris, Lactococcus lactis subsp. lactis biovar. diacetylactis and Leuconostoc 

mesenteroides subsp. cremoris. 

An O-culture is used to make cheese without holes (Cheddar, Cheshire, Feta). A D-culture 
is used to make butter. A L-culture is used to cheese with only small holes (cottage cheese) 
20 and curdled milk products with low C0 2 -production. A LD-culture is used to make cheese 
with normal hole sizes, curdled milk products (junket) and sour butter. Commercially, a LD- 
culture is currently one of the most used mixed cultures. 

Commercial relevant thermophilic mixed cultures include: 
25 "Yoghurt culture" comprising Streptococcus thermophilus and Lactobacillus del- 

brueckii subsp. bulgaricus. 

"Thermophil cheese culture" comprising Streptococcus thermophilus and Lactoba- 
cillus helveticus. 

30 An Yoghurt culture is used to make yoghurt and special Italian cheeses. An Thermophil 
cheese culture is used to make emmentaler cheese and special Italian cheeses. 
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Commercial starter cultures may commonly be distributed as frozen cultures. Highly con- 
centrated frozen cultures are commercially very interesting since such cultures can be inocu- 
lated directly into milk without intermediate transfer. In others words, such highly concen- 
trated frozen cultures comprises so many bacteria that dairies do not have to make in-house 
5 bulk starters. A "bulk starter" is defined herein as a starter culture propagated at the dairy 
plant for inoculation into milk. Highly concentrated cultures may be referred to as direct vat 
set (DVS)-cultures. 

In order to comprise sufficient bacteria a commercial relevant highly concentrated frozen 
1 0 culture generally has a weight of at least 50 g and a content of viable bacteria of at least 1 0 9 
colony forming units (CFU) per g. 

Another presentation of commercial highly concentrated DVS-starter cultures is as freeze- 
dried or lyophilized cultures in the form of a powder, hi this form, the starter can be shipped 
15 without refrigeration. 

The article of FJ. Chavarri et al (Biotechnology letters, vol 10, 1, 11- 16 (1988), 
"Cryoprotective agents for frozen concentrated starters from non-bitter Streptococcus Lactis 
strains") describes that the storage viability of a frozen pure Streptococcus lactis culture 
20 could be improved by addition of 5% lactose or 5% sucrose. The lactose or sucrose worked 
as cryoprotective agents. Streptococcus lactis is a former name of Lactococcus lactis subsp. 
lactis. 

Similarly, the article of R. Carcoba et al (Eur Food Res Technol (2000) 211, 433 - 437, "In- 
fluence of cryoprotectants on the viability and acidifying activity of frozen and freeze-dried 
25 cells of the novel starter strain Lactococcus lactis subsp. lactis CECT 5180") describes that 
the storage viability of a frozen pure Lactococcus lactis subsp. lactis culture could be im- 
proved by addition of different cryoprotective agents such as sugars (lactose, sucrose and 
trehalose), glutamic acid and gelatin. 

30 The present inventors are not aware of any commercial available highly concentrated frozen 
cultures that comprise significant amounts of cryoprotective agents. 
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EP259739 describes different suitable cryoprotective agents for freeze-dried cultures. A 
freeze-dried culture in the form of a powder is physically significant different from a frozen 
culture among others due to that a freeze-dried powder comprises significant less water as 
compared to a frozen culture. Accordingly, it is submitted that the skilled person would 
5 prima facie not consider that a specific cryoprotective agent described as useful for a freeze- 
dried culture would also be similar useful in a frozen culture. 

WOOO/39281 (Chr. Hansen A/S) describes a liquid starter culture stabilized by different 
cryoprotective agents. Page 5, lines 5-7 reads "the expression "liquid starter culture" relates 
10 to non-frozen liquid starter cultures having a liquid phase, e. g. an aqueous phase, content 
that is typically in the range of 50-90% by weight". Consequently, the liquid culture de- 
scribed in WOOO/39281 is a non-frozen culture. 

SUMMARY OF THE INVENTION: 

1 5 Prior to the present invention, the present inventors believed that there were no significant 
storage stability problems in relation to commercially relevant highly concentrated frozen 
lactic acid bacteria cultures. As said above, the present inventors are not aware of any com- 
mercial available highly concentrated frozen cultures that comprise significant amounts of 
cryoprotective agents. 

20 

Prior to the present invention, stability studies had been made starting from commercial 
highly concentrated lactic acid bacteria cultures that already had been frozen for 2-3 month. 
For instance, studies were made on 2-3 month old frozen LD-cultures. These studies 
showed no significant degradation of activity of the LD-cultures over a period of one year at 
25 temperature below -45°C. Consequently, it was believed that commercial relevant LD- 
cultures did not have significant storage stability problems. 

In order to analyze the stability during the first weeks of frozen storage different O-cultures 
were analyzed right from the first day of frozen storage. They did not show any significant 
30 reduction of activity neither during the first weeks nor during the next 12 month. Accord- 
ingly, these data essentially confirmed that there should be no storage stability problems in 
relation to commercially relevant highly concentrated frozen cultures. 
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Despite this, the present inventors continued to investigate stability issues of different com- 
mercial relevant frozen cultures and after a number of studies they identified that for in- 
stance frozen LD-cultures had a significant loss of activity within the first 1-3 weeks of fro- 
zen storage. After these weeks the further loss of activity was relatively insignificant in line 
5 with the prior known results described above. 

In summary, the work of the present inventors has identified hitherto unrecognized storage 
stability problems in relation to some types of commercial relevant highly concentrated fro- 
zen lactic acid bacteria cultures, such as e.g. commercial available frozen LD-cultures. 

10 

Once having identified this problem, the present inventors could start to try to solve the 
problem. As described herein they solved this by addition of cryoprotective agents to the 
relevant highly concentrated frozen cultures. 

15 As said above an O-culture comprises Lactococcus lactis subsp. lactis and Lactococcus lac- 
tis subsp. cremoris and a LD-culture comprises Lactococcus lactis subsp. lactis, Lactococ- 
cus lactis subsp. cremoris, Lactococcus lactis subsp. lactis biovar. diacetylactis and Leu- 
conostoc mesenteroides subsp. cremoris. 

20 The Leuconostoc mesenteroides subsp. cremoris present in the LD-culture is able to utilize 
sucrose. The O-culture does not comprise bacteria that are able to utilize sucrose. 

Consequently, without being limited to theory, it is believed that the herein identified stabil- 
ity problems relate to commercial relevant highly frozen cultures that comprise bacteria that 
25 are able to utilize sucrose. 

As said above, in order to comprise sufficient bacteria a commercial relevant highly concen- 
trated frozen culture generally has a weight of at least 50 g and a content of viable bacteria 
of at least 10 9 colony forming units (CFU) per g. The pure Lactococcus lactis subsp. lactis 
30 cultures described in the articles of FJ. Chavarri et al and R. Carboba et al (see above) are 
in the present context not considered commercial relevant highly concentrated frozen cul- 
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tures since they are made on must smaller scale and comprises significant less grams of fro- 
zen culture. 



Accordingly, a first aspect of the invention relates to a frozen lactic acid bacteria (LAB) cul- 
5 ture that comprises LAB that are that are able to utilize sucrose, has a weight of at least 50 g 
frozen material and a content of viable bacteria of at least 10 9 colony forming units (CFU) 
per g frozen material, characterized in that the frozen culture comprises from 0.5% to 80% 
of a cryoprotective agent measured as w/w of the frozen material. 



1 0 The cryoprotective agent should preferably be added to the viable bacteria before they are 
frozen. 



Accordingly, in a second aspect the invention relates to a method for making a frozen lactic 
acid bacteria (LAB) culture that comprises LAB that are that are able to utilize sucrose, has 
15 a weight of at least 50 g frozen material and a content of viable bacteria of at least 10 9 col- 
ony forming units (CFU) per g frozen material comprising following steps: 

(i) adding a cryoprotective agent to viable bacteria to get at least 50 g of material 
with a content of viable bacteria of at least 10 9 colony forming units (CFU) per g 
material and comprising the cryoprotective agent in an amount from 0.5% to 

20 80% measured as w/w of the material, 

(ii) freezing the material to get frozen material, and 

(iii) packing the frozen material in a suitable way. 



A third aspect of the invention relates to a frozen lactic acid bacteria (LAB) culture obtain- 
25 able by the method for making a frozen lactic acid bacteria (LAB) culture of the second as- 
pects of the invention. 



A fourth aspect of the invention relates to use of the frozen lactic acid bacteria (LAB) cul- 
ture as described above in a process for making a food or feed product. 



30 
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DEFINITIONS: 

Prior to a discussion of the detailed embodiments of the invention is provided a definition of 
specific terms related to the main aspects of the invention. 

5 The term "LAB that are that are able to utilize sucrose" denotes LAB that are able to fer- 
ment the sugar sucrose with the production of acids. 

The term "material" of the culture denotes the relevant substances of the culture including 
both the viable bacteria and cryoprotective agent. Possible packing is not included. Conse- 
10 quently, the weight of the material of the culture is not including the weight of possible 
packing. 

The term "packing" should be understood broadly. It denotes that the frozen lactic acid 
bacteria (LAB) culture should be packed in order could to be provided to the user. It may be 
1 5 packed in a bottle, a tetra-pack, etc. 

The term "a cryoprotective agent" denotes a substance that is able to improve the storage 
stability of the frozen culture. In the present context it may be a single specific cryoprotec- 
tive agents or it may be two or more different agents. Accordingly, the w/w percentage of 

20 the cryoprotective agent(s) within the culture material should be understood as the sum of 
the amount of cryoprotective agent(s). A preferred way to determine whether a substance is 
a cryoprotective agent that is able to improve the storage stability of the frozen culture is to 
spilt a culture, as described herein, in two samples, add a specified amount of the cryopro- 
tective agent to one of them, freezing both of them and measure the milk acidifying activity 

25 of the cultures on the same day as freezing and periodically up to one year under frozen 
storage. If the culture with cryoprotective agent has improved milk acidifying activity seen 
over the storage period the substance is a cryoprotective agent. A suitable milk acidifying 
activity assay is given in working examples herein. 

30 Embodiments of the present invention is described below, by way of examples only 
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DRAWINGS 

Figure 1 to 4: Stability profiles for F-DVS of Fl DaN & CH Nil. For further details see 
working Example 1 . 

5 Figure 5 to 10: Stability profiles for F-DVS of Fl DaN, CH Nl 1 & CH N19. For further de- 
tails see working Example 2. 

Figure 1 1 : Stability profiles for R603 . For further details see working Example 3 . 

DETAILED DESCRIPTION OF THE INVENTION: 

10 A frozen lactic acid bacteria (LAB) culture 

The term "mixed lactic acid bacteria (LAB) culture" denotes a mixed culture that comprises 
two or more different LAB species. The term a "pure lactic acid bacteria (LAB) culture" 
denotes a pure culture that comprises only a single LAB species specie. 

15 

The culture as described herein may be a mesophilic culture consisting of mesophilic bacte- 
ria having optimum growth temperatures at about 30°C. 

The culture as described herein comprises LAB that are that are able to utilize sucrose. The 
20 Leuconostoc mesenteroides subsp. cremoris is able to utilize sucrose. Among others, it is 
present in a L-culture and a LD-culture. 

Consequently, in a preferred embodiment the frozen culture is a L-culture or more prefera- 
bly a LD-culture. A L-culture and a LD-culture are examples of mesophilic cultures. Fur- 
25 ther they are mixed cultures. Consequently, a culture as described herein is preferably a 
mixed culture, more preferably a mesophilic mixed culture. 

A L-culture comprises Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris 
and Leuconostoc mesenteroides subsp. cremoris. 

30 
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A LD-culture comprises Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremo- 
ris, Lactococcus lactis subsp. lactis biovar. diacetylactis and Leuconostoc mesenteroides 
subsp. cremoris. 

5 The specific amount of the individual bacterial species may vary in accordance with the 
specific required use. The skilled person is aware of this and capable of determining the pre- 
ferred mixed culture composition according to the required needs. 

For instance, if aroma is required a relatively high percentage of the aroma making bacteria 
10 Lactococcus lactis subsp. lactis biovar. diacetylactis and Leuconostoc mesenteroides subsp. 
cremoris could be preferred. 

A preferred LD-culture comprises: 



Lactococcus lactis subsp. lactis, 
Lactococcus lactis subsp. cremoris 


60 - 95 %, 
preferably 70 - 
90% 


Lactococcus lactis subsp. lactis biovar. diacetylactis, 
Leuconostoc mesenteroides subsp. cremoris 


5 - 40 %, pref- 
erably 10 to 30 

% 



15 

Within the ranges above, it is preferred to have from 0.25 to 6% of Leuconostoc mesenter- 
oides subsp. cremoris and from 7 to 30% of Lactococcus lactis subsp. lactis biovar. diacety- 
lactis. 

20 Of course the total percentage sum of the 4 different LAB specifies cannot exceed 100%. 
However, it may be less than 100% if other bacteria than the 4 mentioned ones are present 
in the LD-culture. Working examples 1 and 2 herein provides examples of stabilized LD- 
cultures. 

25 The culture as described herein may be a thermophilic culture consisting of thermophihc 
bacteria having optimum growth temperatures in the range of about 40 to about 45°C. 
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The culture as described herein comprises LAB that are that are able to utilize sucrose. The 
thermophilic Lactobacillus acidophilus is able to utilize sucrose. Accordingly, in a preferred 
embodiment the frozen culture is a culture comprising Lactobacillus acidophilus, preferably 
5 a pure Lactobacillus acidophilus culture. Working example 4 herein gives an example of a 
stabilized pure Lactobacillus acidophilus culture. 

The thermophilic Streptococcus thermophilus is able to utilize sucrose. Accordingly, in a 
preferred embodiment the frozen culture is a mixed 
10 "Yoghurt culture" comprising Streptococcus thermophilus and Lactobacillus del- 

brueckii subsp. bulgaricus; or 

"Thermophil cheese culture" comprising Streptococcus thermophilus and Lactoba- 
cillus helveticus. 

15 Highly concentrated frozen lactic acid bacteria cultures 

The frozen cultures as described herein are, what in the food industry may be termed, highly 
concentrated frozen lactic acid bacteria cultures. In order to comprise sufficient bacteria 
such cultures should be relatively big (have a sufficient weight) combined with a relatively 
high concentration of viable bacteria. It is obvious that if relatively more bacteria is required 

20 the weight and/or the concentration of viable bacteria should be increased. 

Preferably, a frozen lactic acid bacteria (LAB) culture as described herein has a weight of at 
least 100 g frozen material, more preferably a weight of at least 250 g frozen material, even 
more preferably a weight of at least 500 g frozen material and most preferably a weight of at 
25 least 900 g frozen material. Preferably, the weight of the frozen material is less than 500 kg. 

Preferably, a frozen lactic acid bacteria (LAB) culture as described herein has a content of 
viable bacteria of at least 5xl0 9 colony forming units (CFU) per g frozen material, more 
preferably a content of viable bacteria of at least 10 10 colony forming units (CFU) per g fro- 
30 zen material, and most preferably a content of viable bacteria of at least 2x1 0 10 colony form- 
ing units (CFU) per g frozen material. 
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Fermentation and suitable fermentations media for LAB are known in the art and the skilled 
person is capable of selecting a suitable media and fermentation conditions in relation to the 
specific LAB. Suitable media and fermentations are given in the working example section 
herein. 

5 

In order to get sufficient amount of bacteria, it is in the present context preferred to make a 
relatively large-scale fermentation in suitable big fermentation tanks. Fermentation tanks of 
at least 50 1, preferably at least 90 1 or bigger are preferred. 

10 After a suitable fermentation, the viable bacteria are preferably isolated by removal of the 
liquid (supernatant) of the fermentation media (e.g. by centrifugation). The isolated viable 
bacteria may be termed the isolated biomass. The isolated viable bacteria shall preferably 
have a content of viable bacteria of at least 10 9 colony forming units (CFU) per g or ml. 

1 5 The frozen culture may be packaged is a suitable way in order to be provided to the user. 

Preferably the frozen culture is stored at a temperature from -18°C to -60°C, more prefera- 
bly from -18°C to -50°C. The frozen culture may be stored at a temperature from -18°C to 
-25°C. The freezing of the culture shall preferably be done rapidly e.g. by freezing in liquid 
20 nitrogen. 

Crvoprotective agent 

The crvoprotective agent may preferably be selected from proteins, protein hydrolysates and 
amino acids. Preferred suitable examples of these include the ones selected from the group 
25 consisting of Glutamic acid, Lysine, Na-glutamate, Na-caseinate, Malt extract, Skimmed 
milk powder, Whey powder, Yeast extract, Gluten, Collagen, Gelatin, Elastin, Keratin, and 
Albumins. 

More preferably the crvoprotective agent is a carbonhydrate. Preferred suitable examples of 
30 these include the ones selected from the group consisting Pentoses (eg. Ribose, Xylose), 
Hexoses (eg. fructose, mannose, Sorbose), Disaccharides (eg. Sucrose, Trehalose, Meli- 
biose, Lactulose), Oligosaccharides (eg. Raffinose), Oligofrutoses (eg. Actilight, Fribro- 
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loses), Polysaccharides (eg. Maltodextrins, Xanthan Gum, Pectin, Alginate, Microcrystal- 
line cellulose, Dextran, PEG), and Sugar alcohols (Sorbitol, Manitol). 

The preferred carbohydrate is a disaccharide preferably Trehalose and more preferably Su- 
5 crose. 

A preferred mixture of cryoprotective agents is a disaccharide (preferably sucrose) plus a 
polysaccharide (preferably maltodextrin). Example 4 shows a thermophihc Lactobacillus 
acidophilus culture stabilized with a mixture of sucrose and maltodextrin. Accordingly, for 
10 a culture comprising Lactobacillus acidophilus it is preferred to use a mixture of a disaccha- 
ride (preferably sucrose) and a polysaccharide (preferably maltodextrin) as cryoprotective 
agents. 

Preferably the frozen culture comprises from 2% to 70% of a cryoprotective agent measured 
15 as w/w of the frozen material, more preferably from 3% to 50% of a cryoprotective agent 
measured as w/w of the frozen material, even more preferably from 4% to 40% of a 
cryoprotective agent measured as w/w of the frozen material and most preferably from 4% 
to 10% of a cryoprotective agent measured as w/w of the frozen material. 

20 The addition of the cryoprotective agent to the, after fermentation, isolated viable bacteria 
(biomass) may be done by mixing solid cryoprotective agent with the biomass for e.g. 30 
minutes at a suitable temperature. If the cryoprotective agent is e.g. sucrose a suitable tem- 
perature may be room temperature. Alternatively a sterile solution of the cryoprotective 
agent may be mixed with the biomass. For sucrose suitable sterile solutions may be made 

25 from a 50% (w/w) sucrose solution. For trehalose suitable sterile solutions may be made 
from a 40% (w/w) solution. 



30 



Use of the frozen lactic acid bacteria (LAB) culture 

A frozen lactic acid bacteria (LAB) culture as described herein may be used in a process for 
making a food or feed product according to the art. 
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A L-culture is preferably used to make cheese with only small holes (cottage cheese) and 
curdled milk products with low C0 2 -production. 

A LD-culture is preferably used to make cheese with normal hole sizes, curdled milk prod- 
5 ucts (junket) and sour butter. 

EXAMPLES: 

Materials and methods 
10 Cultures: 

Fl DaN, CH N 1 1 and CH N19 (all commercially available frozen LD-cultures, Chr. Hansen 
A/S, Denmark). 

R-603 (commercially available frozen O-culture, Chr. Hansen A/S, Denmark). 
La-5 (commercially available frozen Lactobacillus acidophilus culture, Chr. Hansen A/S, 
15 Denmark). 

Fermentation media and fermentation conditions: 
Medium composition for LD and O -cultures: 

The fermentation medium had the following composition: Casein peptone, 30 g/1; Prima- 
20 tone, 30 g/1; soy peptone, 30 g/1; yeast peptone, 15 g/1; MgS0 4 , 1,5 g/1; Na-ascorbate, 3 g/1; 
and lactose 50 g/1. 

The medium was sterilised by UHT-treatment. The finished medium had a pH of 6,5. 

Fermentation condition for LD and O -cultures: 
25 The fermentation was performed in a 100 1 fermentation tank at 30°C, stirred at 50 rpm. 1 % 
of the culture mentioned above was used as inoculum. The anaerobic fermentation was run 
with nitrogen in the headspace and a pressure of about 2 bar. The cultures were allowed to 
acidify to pH 6.2 . The pH was subsequently maintained at 6,2 by controlled addition of 
13,4NNH40H. 

30 When no further base consumption was detected, the respective culture was cooled down to 
about 10°C. 
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Following cooling, each of the fermentation broths were concentrated by centrifugation and 
subsequently frozen as pellets in liquid nitrogen. The pellets were immediately after freez- 
ing measured for acidification activity and CFU/g and stored at - 50°C until further analy- 
sis. 

5 

Media and fermentation condition for Lactobacillus acidophilus (La-5): 
The culture was grown in MRS broth (Merck, Damstadt, Germany) in a 100 1 fermentation 
tank at 37°C, stirred at 20 rpm. 1 % of the culture mentioned above was used as inoculum. 
The anaerobic fermentation was run with nitrogen in the headspace and a pressure of about 
10 2 bar. The cultures were allowed to acidify to pH 5.5. The pH was subsequently maintained 
at 5,5 by controlled addition of 13,4 NNH4OH . 

When no further base consumption was detected, the respective culture was cooled down to 
about 10°C. 

15 Following cooling, each of the fermentation broths were concentrated by centrifugation and 
subsequently frozen as pellets in liquid nitrogen. The pellets were immediately after freez- 
ing measured for CFU/g and stored at - 50°C until further analysis. 

Acidifying activity assay and CFU analysis: 
20 Frozen culture was inoculated on a 0.01 % level in 200 ml sterilized reconstituted skimmed 
milk (RSM) containing 9,5% solid matter and RSM were incubated at 30°C for 6h to permit 
acidification of the substrate material. The acidification activity was measured as described 
by Analytical Procedure Q-AM-052, "acidification activity - UHT", Chr. Hansen A/S (Den- 
mark). 

25 CFU analysis was measured and calculated as described by analytical Procedure Q-AM- 
071, "Enumeration of microorganisms" and Q-AM-022 "Calculation of total count, Chr. 
Hansen A/S (Denmark) using substrate 1209 - LD agar DK-med-rec-123, Chr-Hansen A/S 
(Denmark) or MRS agar. 
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Example 1: S tability study of frozen LD-culture of Fl DaN and CH Nl 1 using sucrose, cys- 
tein chloride and sodium citrate as cryoprotective agents. 

This example describes the stability study with frozen cultures (F-DVS) of Fl DaN and CH 
Nil formulated with sucrose, cystein chloride and sodium citrate as cryoprotective agents. 
5 In all experiments the concentration of cystein chloride and sodium citrate were kept con- 
stant per gram concentrated biomass. The concentration of sucrose per gram biomass was 
varied from 6 % (w/w) up to 36 % (w/w). All additives were added to the concentrate as 
solids. 

10 After fermentation, biomass was harvested and concentrated via centrifugation from fer- 
mentation broths of CH Nil and Fl DaN. The cell concentrate of each culture was divided 
into appropriate portions of 300 gram and formulated as specified in the table 1 below. The 
additives and concentrates were mixed for 30 minutes and subsequently freezed in liquid 
nitrogen and stored at -50°C. The frozen culture had a content of viable bacteria of at least 

15 10 10 colony forming units (CFU) per g frozen material. Culture activity in milk was meas- 
ured the same day as formulated and followed periodically up to one year. 



Table 1. Formulation procedure for F-DVS of Fl DaN & CH Nl 1. 



Formulation 
ID 


Cell con- 
centrate (g) 


Cystein 
chloride (g) 


Sodium 
Citrate (g) 


Sucrose 
(§) 


Sucrose 
(%) 


FL DaN 
(CFU/g) 


CH Nil 

(CFU/g) 


F-DVS 


300 


0,00 


0,00 


0 


0 


4,0E+10 


5,0E+10 


F-DVS 6 % 
sucrose 


300 


0,06 


0,75 


21 


6 


3,7E+10 


4.7E+10 


F-DVS 10 % 
sucrose 


300 


0,06 


0,75 


36 


10 


3.6E+10 


4,5E+10 


F-DVS 22 % 
sucrose 


300 


0,06 


0,75 


86 


22 


3,1E+10 


3,9E+10 


F-DVS 36 % 
sucrose 


300 


0,06 


0,75 


171 


36 


2,5E+10 


3,2E+10 



20 Stability profiles for F-DVS of Fl DaN & CH Nl 1 given as activity versus numbers of days 
and activity differences compare to day 0 are summarized in figure 1 to 4. It is evident that 
F-DVS of Fl DaN and CH N 11 free of additives are loosing activity thus stability. The 
reduction in stability is equal to 0.40 pH units for CH N 1 1 and 0.60 pH units for Fl DaN 
after 365 days. All the tested sucrose formulations (6%, 10 %, 22 % and 36 %) seem to 

25 have positive effect on the stability. Activity is reduced approx. 0.1 pH unit after 365 days 
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positive effect on the stability. Activity is reduced approx. 0.1 pH unit after 365 days of 
storage at -55°C. 

Example 2: Stability study of frozen LD-culture ofFl DaN, CHN11& CHN19 using su- 
5 crose and trehalose as cryoprotective agents. 

This example describes the stability study with frozen cultures of Fl DaN and CH Nl 1 and 
CH N 19 formulated with sucrose and trehalose as cryoprotective agents. The concentration 
of sucrose per gram biomass was varied from 6% (w/w) up to 10 % (w/w). Trehalose was 
only tested on a 5 (w/w) level. All sucrose concentrations were prepared from a 50 % (w/w) 
10 sucrose solution added to the biomass. The trehalose concentration was prepared from a 40 
% (w/w) solution. 

After fermentation, biomass was harvested and concentrated via centrifugation from fer- 
mentation broths of Fl DaN, CH N 11 and CH N19. The cell concentrate of each culture 
15 was divided into appropriate portions of 300 gram and formulated as specified in the table 2 
below. The additives and concentrates were mixed for 30 minutes and subsequently freezed 
in liquid nitrogen and stored at - 50 °C. The frozen culture had a content of viable bacteria 
of at least 10 10 colony forming units (CFU) per g frozen material. Culture activity in milk 
was measured the same day as formulated and followed periodically up to 70 days. 

20 

Table 2. Formulation procedure for F-DVS of Fl DaN, CH N 11 & CH N19 using sucrose 



and trehalose as cryoprotective agents 



Formulation 
ID 


Cell concen- 
trate (g) 


Additive 
solution (g) 


Final additive 
cone. (% Sucrose) 


FIDaN 
CFU/g 


CHN19 

CFU/g 


F-DVS 


300 


0 


0 


3,0E+10 


4,0E+10 


F-DVS/07G 


300 


43 


6 


2,6E+10 


3,5E+10 


F-DVS 5% Trehalose 


300 


43 


5 


2,6E+10 


3,5E+10 


F-DVS 3% Sucrose 


300 


19 


3 


2,8E+10 


3,8E+10 


F-DVS 5% Sucrose 


300 


34 


5 


2,7E+10 


3.6E+10 


F-DVS 6% Sucrose 


300 


42 


6 


2,6E+10 


3,5E+10 


F-DVS 8% Sucrose 


300 


57 


8 


2.5E+10 


3,4E+10 


F-DVS 9% Sucrose 


300 


66 


9 


2,5E+10 


3,3E+10 


F-DVS 10% Sucrose 


300 


75 


10 


2,4E+10 


3,2E+10 


F-DVS 13% Sucrose 


300 


105 


13 


2,2E+10 


3,0E+10 
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Stability profiles for F-DVS of Fl DaN, CH Nl 1 & CH N19 using sucrose and trehalose as 
cryoprotective agents are summarized in figure 5 to 10. 

All reference cultures have lost activity (Fl DaN: 0,3 pH units after 65 days at -50 °C; CH N 
5 11: 0,17 pH units after 60 days at -50 °C; CH N 19: 0,25 pH units after 70 days at -50 °C). 
All the tested formulations reduce the activity loss compare to the reference cultures. Fur- 
thermore, it is difficult to conclude which sucrose concentration is optimum with regard to 
stability. 

10 From the stability profiles of Fl DaN and CH N19 it can be observed that the reference and 
the tested sucrose formulations have an initial lost of activity within the first 1 -3 weeks of 
storage. Hereafter, all the sucrose formulated concentrates show a constant stability profile. 
Fl DaN shows a higher initial loss than CH N19. However, no initial loss of activity could 
be observed from the stability profiles of all the tested formulations of CH Nl 1 . 



Initial loss of activity within the first 1 - 3 weeks has so far not been seen for any of Chr. 
Hansen A/S commercial available O-cultures {Lactococcus lactis subsp. cremoris & Lacto- 
coccus lactis subsp. lactis). Stability profiles for R603 followed up to 35 days and analyzed 
20 for acidification in Ml 7 media is summarized in figure 1 1 . 

Example 4 : Stability study of frozen Lactobacillus acidophislus (La-5) 
This example describes the stability study with frozen cultures of Lactobacillus acidophilus 
formulated with sucrose or sucrose and maltodextrine as cryoprotective agents. The concen- 
25 tration of sucrose per gram biomass was 32% (w/w). Sucrose and maltodextrine were tested 
at 16%/16%(w/w) level. 

After fermentation, biomass was harvested and concentrated by centrifugation. The cell 
concentrate was divided into appropriate portions of 300 gram and formulated. The addi- 
30 fives and concentrates were mixed for 30 minutes and subsequently freezed in liquid nitro- 
gen and stored at - 20, -50 or -80 °C. The stability was measured as colony-forming units 
(CFU) per g frozen material on MRS agar 37°C (72 hours). 



15 
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Table 3: Lactobacillus acidophilus stored at different temperatures. Storage stability is 
measured as CFU/g after 6, 13, and 68 days 





Temp = 


Temp = 




+ 32% Sucrose at 


Days 


-20°C 


-50°C 


Temp = -80°C 


-20°C 












0 


4.35E+10 


4.35E+10 


4.35E+10 


3.82E+10 


6 


3.14E+10 


4.87E+10 


4.77E+10 


2.61E+10 


13 


2.75E+10 


4.37E+10 


4.61E+10 


2.50E+10 


68 


6.52E+09 


4.15E+10 


4.14E+10 


2.51E+10 



5 Table 4: Lactobacillus acidophilus stored at -20°C without additives and with 32% sucrose 
or with 16% sucrose + 16% maltodextrine. 



Days 


without a< 
tives 


32% sucrose 


16% sucrose + 16% 
maltodextrine 


0 


2.81E+10 


3.02E+10 


3.82E+10 


7 


1.81E+10 


1.99E+10 


2.97E+10 


14 


1.11E+10 


1.56E+10 


2.04E+10 


21 


out of range 


1.98E+10 


2.93E+10 


54 


8.60E+09 


1.53E+10 


2.54E+10 



Lactobacillus acidophilus seems storage stable at -50 and -80°C, but the viability is declin- 
ing if the culture is stored at -20°C. By use of additives; sucrose or sucrose and maltodex- 
10 trine - it is possible to improve the stability of the culture at -20°C. 
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CLAIMS 

1. A frozen lactic acid bacteria (LAB) culture that comprises LAB that are that are able to 
utilize sucrose and is a mixed mesophilic culture consisting of mesophilic bacteria having 
5 optimum growth temperatures at about 30°C, has a weight of at least 50 g frozen material 
and a content of viable bacteria of at least 10 9 colony forming units (CFU) per g frozen ma- 
terial and characterized in that the frozen culture comprises from 0.5% to 80% of a cryopro- 
tective agent measured as w/w of the frozen material. 

10 2. The frozen culture of claim 1, wherein the culture is a LD-culture that comprises Lacto- 
coccus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Lactococcus Jactis subsp. 
lactis biovar. diacetylactis and Leuconostoc mesenteroides subsp. cremoris. 

4. The frozen culture of claim 1, wherein the culture is a culture comprising thermophilic 
15 Lactobacillus acidophilus. 

5. The frozen culture of any of the preceding claims, wherein the cryoprotective agent is a 
carbohydrate, preferably a disaccharide. 

20 6. The frozen culture of claim 5, wherein the disaccharide is trehalose or sucrose. 

7. The frozen culture of claim 5, wherein the cryoprotective agents is a mixture of a 
disaccharide, preferably sucrose, and a polysaccharide, preferably maltodextrine. 

25 8. A method for making a frozen lactic acid bacteria (LAB) culture that comprises LAB that 
are that are able to utilize sucrose, has a weight of at least 50 g frozen material and a content 
of viable bacteria of at least 10 9 colony forming units (CFU) per g frozen material compris- 
ing following steps: 

(iv) adding a cryoprotective agent to viable bacteria to get at least 50 g of material 
30 with a content of viable bacteria of at least 1 0 9 colony forming units (CFU) per g 

material and comprising the cryoprotective agent in an amount from 0.5% to 
80% measured as w/w of the material, 
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(v) freezing the material to get frozen material, and 

(vi) packing the frozen material in a suitable way. 

9. A frozen lactic acid bacteria (LAB) culture obtainable by the method for making a frozen 
5 lactic acid bacteria (LAB) culture of claim 8. 

10. Use of the frozen lactic acid bacteria (LAB) culture of any of claims 1-7 and 9 in a proc- 
ess for making a food or feed product. 
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